Abstract
Introduction
Telemedicine is the solution to provide improved health care to the underprivileged inaccessible areas. It enables the patients as well as a doctor to communicate with a specialist which may be 100 miles away. The history of telemedicine is very old. In 1950 Robert Ledley used Digital computers for dental projects at the National Bureau of Standards.
The objective of Telemedicine is to provide equal access to medical expertise irrespective of the geographical location of the person in need. It is more efficacious & having big influence especially where experts are rare, distances are large and/or infrastructure is limited [1] . Telemedicine have a strong impingement in developing countries since it allows remote parts to get access to medical care and create local knowledge [2] .
Figure 1: Telemedicine
The proper instance of telemedicine took place in 1959, when a two-way video conferencing link was established using microwaves between University of Nebraska Medical School and a state mental hospital [3] . Until the late 1980's, the telemedicine systems were just video conferencing systems. But in the 1990's the advancement in Internet and Telecommunications technologies has activated advances in telemedicine applications. In conventional telemedicine systems, doctors deliver the medical care and education remotely using the public switched telephone network and Integrated Services Digital Network. The recent advancement in wireless telemedicine systems provide better healthcare delivery, regardless of any geographical roadblocks, time and mobility constraints [4] .
Store & forward and real time are the two modes of telemedicine operations [5] . In many cases where the immediate response is not required, "Store and Forward" is an efficient way of doing telemedicine, since it does not require that patient and specialist doctor should be present at the same time. All relevant patient information is digitized by using various Niamat Ullah, Pervez Khan, Najnin Sultana, and Kyung Sup Kwak digitizers and is compressed in a unique file and transmitted over the Internet or any other appropriate telecommunication line to the main telemedicine center where highly qualified and experienced doctors are waiting for serving the quarters concerned. After analyzing the patients record those specialist then sends their suggestions through email or fax or phone.
Real time telemedicine requires the presence of both parties at the same time and a high bandwidth communication link between them. Videoconferencing equipment is one of the most common forms of technologies used in real time telemedicine. For real time telemedicine we also need a tele-otoscope which allows a remote physician to 'see' inside a patient's ear; a tele-stethoscope allows the consulting remote physician to hear the patient's heart beat. Real time telemedicine can work in a more efficient way for psychiatry, internal medicine, rehabilitation, cardiology, pediatrics, obstetrics, gynecology and neurology.
Pakistan is one of the densely populated developing countries where most people are living in villages. There is a huge disparity in health care distribution in rural and urban areas. According to the current medical statistics the situation in Pakistan is ruinous due to a small and inadequate amount of skilled health care staff. According to the World Health Organization (WHO) 2007 report, Pakistan has one physician for 1351 people, a dentist for every 20000 people, a nurse for 3225 people, a midwife for every 6666 people, and a pharmacist for 20000 people [6] .
Telemedicine activities emerged in Pakistan in 1998. The productivity and usability of telemedicine depends on the availability of high bandwidth. The telecommunication industry in Pakistan is undergoing a rapid development, as a result of which the communication connectivity all over the country has improved remarkably. The number of telephone lines in the country is well over three million. Internet has become a popular medium with about a hundred of thousand users spanning more than eight hundred cities. These statistics depict the feasibility of the establishment of telemedicine network and its potential contribution to the well being of the citizens of Pakistan. If government and private organizations take proper initiative then it is not so far when a patient in remote places will consult the specialist for consultation or for obtaining opinion in an easy and cost effective way.
The rest of the paper is divided into 4 sections. In Section 2, we present importance of telemedicine in Pakistan. In section 3, we discuss the past and ongoing telemedicine projects in Pakistan. In section 4, we discuss our proposed telemedicine network model. Finally we conclude our paper in section 5.
Need for telemedicine in Pakistan
Pakistan is one of the densely populated countries of the world. According to the 1998 census report, 132,352,000 people are living with in 796,096 sq. km of land. Pakistan is a federation of four provinces, a capital territory and federally administered tribal areas. The four provinces of Pakistan divided into administrative "Divisions", which are further subdivided into districts, then into tehsils and then into union councils. There are 26 divisions, 107 districts, 380 tehsils, and 6030 union councils. The divisions were abolished in 2001 and a new three-tiered system of local government came into effect comprising districts, tehsils and union councils [7] .
The Government of Pakistan is the main source of healthcare facilities. The basic structure of healthcare consists of rural health centers, basic health units, tehsil headquarter hospitals, district headquarters hospitals and teaching hospitals. Approximately 75% of the population of Pakistan lives in rural areas while the percentage of doctors working in those areas is about 22%. The ratio of hospital beds in rural areas to urban areas is 18% to 82%.
The table 1 shows an overview of health care facilities in Pakistan. The above statistics shows that even though the population of Pakistan is concentrated in the villages and small towns, the medical services in those areas are far from sufficient. To consult a specialist doctor, the people of rural areas have no choice but to travel to large cities, spend money and crucial time on transportation. Many times due to poor conditions of roads and traffic the patients are unable to meet the concerned doctor on the day of appointment.
Even though the Government of Pakistan tries its best to send doctors to remote areas to help the people, but due to poor infrastructure of rural health centers International Journal of Digital Content Technology and its Applications Volume 3, Number 3, September 2009
and poor infrastructure of villages most of the doctors leave those remote stations within 1 to 2 years and shifts to urban areas. In order to provide proper health care facilities to those frustrated people of rural areas, the government has to choose one of the two possible options. The first option is to improve the poor infrastructure and build hospitals, while the second option is that of telemedicine. For the implementation of the first option government need huge investment and time. Therefore the second option, i.e., telemedicine seems to be the best option for providing best health care facilities using maximum utilization of limited resources.
Related Work
Many devolving countries like China and India have implemented telemedicine networks to connect remote hospitals with large and special hospitals [9] . Out of the three major telemedicine networks in China, the IMNC network is based on telephone line and internet. It uses powerful image compression algorithm to reduce file size in order to transmit those files over low bandwidth [10] .
Pakistan is densely populated country where majority of people are living in villages and small towns. Due to inadequate infrastructure the medical facilities are not satisfactory in those areas. Due to recent advancements in Information and Communication technology, Pakistan like other developing countries has also realized the importance of telemedicine and has started many projects to provide better health care facilities to the people of remote areas. Telemedicine emerged in Pakistan before 1998, many doctors were using email and telegram based store and forward technologies to consult their colleagues inside the country as well as in other countries.
Elixir technology took the first step in the introduction of telemedicine in Pakistan in 1998 under the programme in the form of philanthropic project named TelMEDPAK [11] . A well-known USA based software development company conducted this project. This project completed some small projects on experimental bases at Taxila and Gilgit to assess the applicability of telemedicine in Pakistan.
The Taxila project is based on "Store and forward tele-consultation" through e-mail. In this project a model has been grounded at "Ali FAMILY Hospital", which is a private hospital. This hospital is equipped with a computer system, and scanner having Internet facilities.
This hospital is connected with Holy Family hospital in Rawalpindi. Opinions are received from the specialist doctors by sending care report of the patients to it. The specialists concerned to the case reply adequate answers after studying those reports: Except some higher authorities, no one has the right to access the patient's reports and patient records are kept strictly confidential.
The
The success of this project, indicates that through this way we can play a major role by using telemedicine which will not only upgrade areas but will deal those cases which can not be deal face to face due to some factors regarding the norms and values of these areas.
In this regard the government of Pakistan has taken some initiatives. The first step in this direction is the foundation of telemedicine forum in September 2001 with the sole purpose to acknowledge telemedicine in the country by holding seminars, conferences and to point out and identify small experimental project which can be further expanded at national level. In these objectives the first seminar was held on 22 January 2002, where a live tele-consultation between a doctor and specialist and a doctor and patient is shown including a tele-surgery operation through fiber-optic technology.
This forum points out and highlights many projects including: the development of health management information system (HIMS), the development of health resource centre (HIRC) which goes to the establishment of electronic patient record system at federal hospital and promoting health research and link research respectively.
HIRC is mainly dedicated to medical research activities and database of hospitals and doctors in Pakistan. It is such a recognized and well-built online resource center, which enables the doctors and the general rank people to get a lot of useful information.
The space and upper atmosphere commission (SUPARCO) is the space agency of Pakistan, working under the federal government, executing the space
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Niamat Ullah, Pervez Khan, Najnin Sultana, and Kyung Sup Kwak science and technology programs in the country. It is an autonomous research and development organization.
PAKSAT-HealthNET is engineered as a small project to establish telemedicine infrastructure connecting Holy Family hospital and Meo hospital in Punjab province with rural hospitals in Attack, Khushab, DG Khan, Pindi-Gheb, Gujrat, Sahiwal, Rajanpur, Jhang and JPMC hospital in Sind province with rural hospitals in Shikarapur, Mirpurkhas, Ghambat, and Jacobabad [12] .
In spite of the contribution of Elixir technologies, SUPARCO and others, telemedicine activities in Pakistan are still in primary level. There is no telemedicine facility in many other parts of the country except the earthquake affected areas. There is no support to meet the emergency medical needs such as a stroke and severe injury for people in remote areas. The government and private organizations need to work hard to implement the telemedicine systems and to create awareness in the people.
Due to rapid development of telemedicine, some laws and regulations are needed about patient issues, physician service and licensing of telemedicine service providers. Some policies are also needed to allow the people of remote areas to access and enjoy low cost telemedicine services. Sufficient trainings are needed to enable physician and other paramedical staff about the use of new technology. The media role is also very important to create awareness in the people about the importance of telemedicine.
Proposed Telemedicine Network Model
In Pakistan, largest and special hospitals are in the capital of the country i.e. Islamabad and provincial capitals Karachi, Lahore, Peshawar, and Queta. The best way to provide better medical facilities to the people living in remote rural areas is to use telemedicine technologies. The current telecommunication infrastructure makes it possible to establish real time telemedicine in district and tehsil headquarter hospitals. Store and forward basis telemedicine support can be expanded up to small villages by using telephone line. It will enable a general practitioner / dispenser working in a small village to consult a specialist and to provide better medical treatment to the people of remote areas.
Based on the current communication background of Pakistan we propose a telemedicine network model as shown in figure 2 . The aim of our proposed model is to link ill-equipped remote health centers with large and well equipped special hospitals to provide better health facilities as shown in the proposed model.
According to our proposed model there is a telemedicine center in each tehsil headquarter hospital. This telemedicine center provide real time telemedicine facilities to all of its indoor patients and store and forward facilities to the patients of the Basic Health Units (BHUs) and dispensaries located in the union councils and small villages of the said tehsil. Normally there is a doctor and a few other paramedical staff working in a BHU. The doctor working in a BHU is simple MBBS degree holder and it is very difficult for him/her to provide better health care to the patients suffering from different kinds of diseases. So the proposed telemedicine model is very helpful for the doctor to gain knowledge in his field as well as for the patient to get better treatment. Based on the proposed model the local doctor working in BHU first diagnoses the disease and if he/she finds the case serious then he /she consult the specialist in the nearest tehsil telemedicine center.
Since it is very difficult for a developing country like Pakistan to provide all kinds of specialist doctors in each tehsil telemedicine center, therefore our proposed telemedicine network works like a star network. According to our proposed model there is a central controlling telemedicine center in Islamabad, which provides all possible health care facilities and manages provincial telemedicine centers and federal medical universities. There are many kinds of specialists available in this telemedicine center waiting for the patients to take care of them in a better manner. All the Intensive Care Units (ICUs), critical care units (CCUs) and emergency wards of the general hospitals in Islamabad are connected directly to this centre. In case of emergency the doctors as well as the patients in the provincial telemedicine centers can consult the specialist doctors of this centre. The provincial headquarter telemedicine center is responsible to provide facilities to their respective district telemedicine centers and to the teaching hospitals and other hospitals in the provincial capital. In each provincial headquarter telemedicine center a panel of specialist doctors is always available to help the other doctors and patients of the province.
The district telemedicine centers control and provide services to their concerned district headquarter hospital, general hospitals and tehsil telemedicine centers. Each district telemedicine center having more facilities in terms of telemedicine equipments and specialists than tehsil telemedicine centers. Only referral cases goes from tehsil telemedicine centers to district telemedicine centers and to the other telemedicine centers better in facilities. In the proposed model tehsil headquarter hospitals, district headquarters hospitals and teaching hospitals provide real time telemedicine facilities to their indoor patients by using wireless body area network. The outdoor patient of these hospitals can also consult the required specialist through video conferencing facility. Each of the telemedicine centers is connected with medical stores so that the patients could get the medicine in time. Each of the connected medical stores reserves special staff members whose duty to check the online request for medicine and to supply the medicines to the right patient in right time.
All the BHUs are equipped with medium level telemedicine equipments like tele-otoscope, blood pressure (BP) monitor, ultrasound, tele-ECG, digital camera, document camera and tele-stethoscope etc. along with a computer system and standalone videoconferencing equipments.
All the ICUs of the headquarter hospitals provide the facilities to monitor continuously the blood pressure, temperature, blood sugar and heart beats etc. of the patients. This continuous monitoring and early detection increases the confidence of the patients. Data from individual patient is collected, processed, integrated into a patient's medical record and recommendations are issued automatically. If the received data is out of range an emergency service is notified. In this case a special message is generated and is sent to the respective specialist doctor on his mobile phone as well as to the main electronic notice board located in a room where panel of doctors use to set. If there is no reply within a specified time then the said message is sent to the higher telemedicine centre in hierarchy.
In our proposed network model we connect tehsil and district telemedicine centers with their respective provincial telemedicine centers by optical fiber link as shown in figure 2. For connection between telemedicine centers and their own respective headquarter hospitals we use digital data network, where the medical expert will collect patient record and other reports. We connect the dispensaries and BHUs in the remote hilly areas with their respective telemedicine centers through wireless local loop.
Presently, mostly in remote urban villages the basic health care is being provided by little-educated dispensers. They suggest medicine from their own side with out consulting a specialist. Even though the people are not happy with this method of treatment, but they do not have any other option. Therefore the proposed system is very useful for those people who go for treatment to dispensers. The proposed system gets the patient's data using instruments which are sent to the specialist who goes through all of them looking for any symptom of abnormality. After complete data analysis the specialist guides the concerned doctor & the doctor then takes decision regarding the patient's treatment.
We believe that with the implementation of our proposed system the performance of medical professional network will significantly improve that will consequently result in providing a better quality of service to the patients of urban areas especially the patients belonging to remote urban areas.
Conclusion
In remote rural areas where there are relatively few doctors, telemedicine improves access to health care, reducing the need for patients or doctors to travel. Telemedicine speeds up the referral process by reducing unnecessary referrals, and improve the consistency and quality of health care. Improved contacts between the professional staff produce educational benefits for them and reduce professional isolation. Telemedicine has obvious advantages in the case of emergencies in remote environments such as on ships, in airplanes, and possibly on the battlefield. In all these situations it is very difficult that patients can be referred to the doctor in time.
Telemedicine has and continues to benefit the Pakistani people health-care system in terms of preventive care and disease treatment. Several companies are in the process of providing the telecommunication support needed for telemedicine, but much remains to be accomplished before telemedicine can glean its bragged benefits for Pakistan's exponentially growing population.
Pakistan is in a unique position for building its telemedicine infrastructure. With its highly qualified medical practitioners and an emerging technological industry, the country has the opportunity to create a multitude of products and services to cater to this evolving area. Given proper access and awareness, Pakistan seems equanimous to incorporate telemedicine beyond its current rudimentary projects to large-scale programs that can serve as a model for itself and the developing world.
In this study, we examine the current state and future prospects of telemedicine in a developing country, Pakistan and we propose new telemedicine network model. The model will contribute to the improvement of the medical care quality and to the cost effective use of medical resources. This model is an important step towards providing better health care to the people in rural and underprivileged unprocurable areas where health facilities are virtually either nonexistent or insufficient. We feel that the government as well as the private organizations should invest in
